Increasing attention is being focused on sleep duration as a potential modifiable risk factor associated with obesity in children and adolescents. We analyzed data from the national Youth Risk Behavior Survey to describe the association of obesity (self-report BMI ≥95th percentile) with self-reported sleep duration on an average school night, among a representative sample of US high school students. Using logistic regression to control for demographic and behavioral confounders, among female students, compared to 7 hours of sleep, both shortened (≤4 hours of sleep; adjusted odds ratio (95% confidence interval), AOR = 1.50 (1.05-2.15)) and prolonged (≥9 hours of sleep; AOR = 1.54 (1.13-2.10)) sleep durations were associated with increased likelihood of obesity. Among male students, there was no significant association between obesity and sleep duration. Better understanding of factors underlying the association between sleep duration and obesity is needed before recommending alteration of sleep time as a means of addressing the obesity epidemic among adolescents.
Introduction
During the past century, the average amount of time that Americans sleep has decreased by approximately 20 percent [1] . According to sleep duration guidelines suggested by the National Sleep Foundation, insufficient sleep, defined as <8 hours for children and <7 hours for adults on a weeknight, is experienced by 45% of children ages 11-17 years and 37% of adults [2, 3] . It is currently estimated that 50 to 70 million Americans chronically suffer from disorders of sleep and wakefulness which adversely affect daily functioning, health, and longevity [4] . The cumulative effects of chronic sleep deprivation and sleep disorders have been associated with increased mortality and increased risk for a wide range of chronic diseases including depression, hypertension, stroke, type 2 diabetes, heart disease, and obesity [4, 5] .
The relationship between sleep and obesity has become a topic of great interest as obesity rates reach record levels and chronic sleep deprivation affects increasing numbers of adolescents and adults in the United States [4] [5] [6] [7] . The two most commonly reported associations between sleep duration and obesity are (1) a U-shaped curve where the lowest obesity risk is found at about 7-8 hours of sleep per night, with the odds of obesity rising for shorter and longer sleep duration, leading to the optimal dose theory of habitual sleep duration and (2) a negative linear pattern where the longest sleep durations are associated with the least likelihood and the shortest sleep durations are associated with the greatest likelihood of obesity, leading to the more sleep is better theory of habitual sleep duration [5] .
Although there are few proposed mechanisms for how longer sleep duration might predispose toward obesity, there is experimental evidence for metabolic pathways whereby shortened sleep duration might lead to increased obesity. Sleep restriction in healthy adults has been shown to result in decreased leptin levels and increased ghrelin levels, which 2 Journal of Obesity result in decreased satiety and increased appetite, respectively [8, 9] . Alterations in these hormone levels may lead to increases in subsequent caloric intake and weight gain. Sleep restriction also has been shown to alter carbohydrate metabolism, resulting in increased insulin resistance and impaired glucose tolerance, which may also affect weight status [8, 10, 11] . Another recognized link between obesity and sleep deprivation is obstructive sleep apnea, a condition which may be caused by obesity and which results in sleep disruption. An analysis of 20 years of data on obesity-associated diseases among children ages 6-17 years found that hospital discharges for sleep apnea have increased more than 400% [12] . Recent reviews of cross-sectional and longitudinal studies that examined the association between sleep duration and obesity found no consistent pattern of association among adults, with studies that reported a U-shaped association, studies that reported a negative linear association, and studies that reported no association [5, 8] . Unlike adult studies, pediatric studies involving young children have consistently found a negative linear association between sleep duration and obesity [5, 8, 13] . Findings from studies involving adolescents are less consistent and sometimes exhibit sex differences [13] . The purpose of this study was to describe the association between habitual sleep duration and obesity among a nationally representative sample of high school students, controlling for demographic characteristics and behavioral confounders. Specifically, we sought to determine whether the association was a negative linear association, such as typically found in studies involving younger children, or a U-shaped association such as sometimes reported in studies of adults and whether that association varied by sex, race/ethnicity, or grade.
Methods

Sample and Survey Administration.
Since 1991, the biennial, national Youth Risk Behavior Survey (YRBS) has used a three-stage cluster sample design to produce nationally representative samples of students in grades 9-12 attending public and private schools. Student participation in the survey was anonymous and voluntary, and local parental permission procedures were followed. Students completed a self-administered questionnaire during a regular class period. Responses were recorded directly on computer-scannable questionnaire booklets. A weighting factor was applied to each record to adjust for nonresponse and the oversampling of black and Hispanic students. Sampling strategies and the psychometric properties of the questionnaire have been reported previously [14] [15] [16] [17] 
2.2.2.
Sleep. Students were asked, "On an average school night, how many hours of sleep do you get?" Response options were "4 or less hours," "5 hours," "6 hours," "7 hours," "8 hours," "9 hours," or "10 or more hours." Consistent with the guidelines of the National Sleep Foundation, students who reported sleeping less than 8 hours on a school night were considered to have insufficient sleep [2] .
2.2.3.
Obesity. Self-reported height and weight (without shoes on) were used to calculate body mass index (BMI), expressed as body weight in kilograms divided by the square of height in meters (kg/m 2 ). Using reference data from growth charts produced by CDC, students with a BMI greater than or equal to the 95th percentile for sex and age (in months) were considered to be obese [18] . The questionnaire asked students to report their age in years as a whole number between 13 and 17 with additional options for 12 or younger (assigned a value of 12 years) and 18 or older (assigned a value of 18 years). Half a year (6 months) was added to the age since, for example, students who reported their age as 16 years would, on average, be approximately 16 years and 6 months (198 months) old.
Behavioral Confounders.
To identify potential confounding variables to control for in our final analyses, we examined the literature for health-related behaviors which might be associated with both obesity and sleep duration [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . We identified 8 behaviors assessed in the YRBS which might confound the association between sleep duration and obesity. We then tested whether each behavior was associated with sleep duration and obesity in our sample using logistic regression models that controlled for sex, race/ ethnicity, and grade. Five behaviors were significantly associated with both sleep duration and obesity and were included, along with demographic variables, as potential confounders in final models. These behaviors included feeling sad and hopeless (prevalence, 95% CI: 27.2%, 26.2%-28.2%), being a current smoker (19.7%, 18.3%-21.2%), drinking nondiet soda or pop (31.3%, 29.6%-33.1%), using a computer or playing video games for 3 or more hours on an average school day (24.9%, 23.5%-26.4%), and being physically active for at least 60 minutes daily (17.8%, 17.0%-18.6%).
Missing Data.
Of the 30,451 observations in the combined dataset, a total of 2,211 (7.3%) were missing data on BMI, and 3,515 (11.5%) were missing data on sleep duration. Missing data on demographic characteristics ranged from 549 (1.8%) for race/ethnicity to 78 (0.3%) for sex, and missing data on behavioral confounders ranged from 1,366 (4.5%) for current smoking to 502 (1.6%) for being physically active. Missing data were not imputed. A total of 23,579 students had complete data on all variables. Compared to students with complete data on all variables, those with missing data on at least 1 variable (n = 6, 872) had similar prevalence estimates for obesity (12.4% versus 12.3%, resp.) and insufficient sleep (69.2% versus 68.1%). Prevalence estimates for sex, current smoking, drinking nondiet soda or pop, time spent playing video games, and using a computer for something other than schoolwork, and being physically active also did not vary significantly between these two groups. Compared to students with complete data, students with some missing data were more likely to report very long or short sleep durations, were more likely to be Hispanic or other race/ethnicity, were more likely to be in lower grade levels, and were more likely to report feeling sad or hopeless (data not shown).
Analysis. All analyses were conducted using SUDAAN
[30] to account for the complex sample design. Prevalence estimates in our analyses are unadjusted. Students who reported sleeping ≤4 hours were considered to sleep 4 hours, and students who reported sleeping ≥10 hours were considered to sleep 10 hours. Using logistic regression, we tested for the presence of linear and quadratic (U-shaped) associations between obesity (dependent variable) and sleep duration (independent variable), controlling for sex, race/ethnicity, grade, and confounding behaviors. Finally, we calculated crude and adjusted odds ratios with 95% confidence intervals (CIs) for each level of sleep duration and each demographic and behavioral variable entered into the final model. Associations were considered statistically significant at P < 0.05. 
Results
Sample
Sleep Duration.
The distribution of sleep duration on an average school night approximated a bell-shaped curve among female and male students ( Figure 1 ). Mean sleep duration was shorter among female (6.7 hrs; 95% CI: 6.7-6.8) than male (6.9 hrs; 95% CI: 6.8-6.9) students (t = 8.78, P < 0.001). Approximately 7 of 10 (69.0%) students reported getting insufficient (i.e., ≤7 hrs) sleep on an average school night ( Table 1 ). The prevalence of insufficient sleep was greater among female (71.6%) than male (66.6%) students (t = 8.05, P < 0.001). Insufficient sleep was more prevalent among white (69.2%; t = 2.42, P = 0.018) and black (70.5%; t = 3.24, P < 0.002) than Hispanic (65.8%) students. The prevalence of insufficient sleep increased with grade (59.1%, 9th; 68.2%, 10th; 74.1%, 11th; 76.8%, and 12th). All pairwise comparisons by grade level were significant (t-test statistics ranged from 2.70 to 17.78, all P < 0.01).
3.3.
Obesity. Approximately 12.4% of students were obese ( Table 1 ). The prevalence of obesity was greater among male (15.7%) than female (8.9%) students (t = 9.81, P < 0.001).
Obesity was more prevalent among black (16.6%; t = 6.46, P < 0.001) and Hispanic (15.7%; t = 6.89, P < 0.001) than white (10.5%) students. The prevalence of obesity did not vary significantly with grade.
Behavioral Confounders.
We tested 8 behaviors assessed in the YRBS which might confound the association between sleep duration and obesity using logistic regression models that controlled for sex, race/ethnicity, and grade (Table 2) . For this analysis, behavioral variables were coded dichotomously using cut-points consistent with national guidelines, health objectives, and surveillance categories [14, 31, 32] . Behaviors significantly associated with either insufficient (≤7 hours) or long (≥9 hours) sleep duration and obesity were identified as confounders and included along with demographic variables in final models. These 5 behaviors included feeling sad and hopeless, being a current smoker, drinking nondiet soda or pop, using a computer or playing video games for 3 or more hours on an average school day, and being physically active for at least 60 minutes daily. Feeling sad and hopeless was different from the other confounders in that it was more likely to occur at both short (AOR = 1.79) and long (AOR = 1.26) sleep durations.
Association between Sleep Duration and Obesity.
Using logistic regression models which controlled for sex, race/ ethnicity, grade, and confounding behaviors, we detected a significant quadratic (U-shaped) association (P = 0.0330) between sleep duration and obesity, but no evidence of a linear association (P = 0.4977) ( Table 3 ). The unadjusted prevalence of obesity was approximately 12% among students who reported sleeping between 6 and 9 hours on an average school night and increased slightly among students who reported shorter (16.5% at ≤4 hrs) or longer (15.1% at ≥10 hrs) sleep duration. Next, we tested whether the association between sleep duration and obesity varied by sex, race/ethnicity, or grade. A significant interaction was detected for the quadratic (Ushaped) association by sex (Wald F = 9.84, P = 0.0024), but not race/ethnicity (Wald F = 0.51, P = 0.6763) or grade (Wald F = 1.40, P = 0.2480). Because of the significant interaction by sex, we ran separate analyses for females and males (Table 3) . We found no evidence of significant interactions for a linear association by sex, race/ethnicity, or grade.
Among female students, controlling for demographic characteristics and confounding behaviors we detected a significant quadratic (U-shaped) association (P = 0.0004) between sleep duration and obesity, but no evidence of a linear association (P = 0.9653). The prevalence of obesity was lowest (approximately 8%) among female students who reported sleeping between 6 and 8 hours on an average school night and increased among those who reported shorter (14.6% at ≤4 hrs) or longer (14.1% at ≥10 hrs) sleep duration (Table 3) . Among male students, controlling for demographic characteristics and confounding behaviors, we did not detect a significant linear or quadratic association between sleep duration and obesity (Table 3) .
Finally, because of the significant quadratic association between sleep duration and obesity among females, we compared crude odds ratios (ORs) and adjusted odds ratios (AORs) for obesity by sleep duration among female students (Table 4) . We chose the sleep duration with the lowest prevalence of obesity (7 hours) as the referent group. Compared to females who slept 7 hours on an average school night, those who slept fewer hours (OR = 2.10, ≤4 hrs; OR = 1.41, 5 hrs) and those who slept more hours (OR = 1.69, 9 hrs; OR = 2.00, ≥10 hrs) were more likely to be obese. Controlling for demographic characteristics and confounding behaviors attenuated, but did not eliminate, the statistical significance of adjusted odds ratios for obesity at shorter and longer sleep durations. Compared to female students who slept 7 hours on an average school night, those who slept ≤4 hours (AOR = 1.50) and those who slept 9 hours (AOR = 1.55) were more likely to be obese. The AOR for ≥10 hours (AOR = 1.50) was similar in magnitude to the odds ratio for 9 hours of sleep and probably fell short of statistical significance because of small numbers of females who slept ≥10 hours (n = 202). Combining sleep duration categories of 9 hours and ≥10 hours, we found that females who slept ≥9 hours were more likely to be obese (AOR = 1.54; 95% CI: 1.13-2.10) than females who slept 7 hours. Because there was no statistical evidence for a significant linear or quadratic association between sleep duration and obesity (after controlling for potential confounders) among male students, we did not compare crude and adjusted odds ratios for obesity at different sleep durations among male students.
Discussion
Nearly 7 out of 10 high school students reported sleeping less than 8 hours on an average school night. This finding is consistent with the high prevalence of insufficient sleep reported in other studies [2, 33] . In our study, the association between sleep duration and obesity differed by sex, but not by race/ethnicity or grade. Controlling for demographic characteristics and behavioral confounders, we found Were physically active doing any kind of physical activity that increased their heart rate and made them breathe hard some of the time for at least 60 minutes per day on all 7 days during the 7 days before the survey.
i Ate fruits and vegetables 5 or more times per day during the 7 days before the survey. j Drank 3 or more glasses of milk per day during the 7 days before the survey.
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Journal of Obesity a significant quadratic (U-shaped) association between sleep duration on an average school night and obesity among female students, but not among male students. No significant linear associations were found among any demographic subgroups. Among female students, the lowest obesity prevalence occurred at approximately 7 hours of sleep with greater obesity prevalence occurring at shorter and longer sleep durations. This type of U-shaped association is often seen between sleep duration and mortality, heart disease, type 2 diabetes, and obesity among adults [5] . Previous studies of the association between sleep duration and obesity among adults have sometimes found differences by sex, with a negative linear association among males and a U-shaped association among females [8, 13] . One previous study involving a nationally representative sample of middle and high school students found differences by sex, with a negative linear association between sleep duration and obesity among male students and no association among female students [33] . Factors responsible for differences in the findings from that study compared to our study may include the addition of 7th and 8th grade students to the Add Health Study population [33] . Also, that study controlled for parental education and physical activity and inactivity, but not for depressive symptoms, smoking, or soda consumption [33] . While there is experimental evidence for metabolic pathways whereby shortened sleep duration might lead to obesity, there are currently no clearly delineated mechanisms proposed for how longer sleep duration might lead to the onset of obesity [5, [8] [9] [10] [11] . Sleep restriction in healthy adults has been shown to result in decreased leptin levels which result in decreased satiety and increased ghrelin levels which result in increased appetite [8, 9] . Alterations in these hormone levels may subsequently lead to increased caloric intake and weight gain among persons with shortened sleep duration. A possible explanation for the association between prolonged sleep duration and obesity among females involves the dysfunctional sleep patterns often associated with both obesity and depression. Prospective studies of children and adolescents have found that obesity is associated with later development of depressive symptoms, and juvenile onset of depression increases risk for becoming overweight in adulthood [34, 35] . More than 90% of children and adolescents with major depressive disorder report subjective sleep complaints and obese children experience more fragmented sleep, with frequent awakenings and episodes of sleep apnea, compared to normal-weight children [12, 35] . It is possible that the dysfunctional sleep patterns experienced by depressed and/or obese youth may, in some cases, result in extended sleep durations in an attempt to compensate for poor-quality and/or interrupted sleep. In our study, having feelings of sadness and hopelessness was more likely to occur at both short and long sleep durations. Controlling for demographic and behavioral confounders (including sadness/hopelessness) in our logistic regression model attenuated, but did not eliminate, the increased odds of being obese among female students who reported sleeping either 4 or less hours or 9 or more hours (compared to 7 hours) on an average school night.
Age-dependent effects, such as the decreased sleep needs of adults compared to young children, may account for the different patterns of association (e.g., U-shaped among adults versus negative linear among children) between sleep duration and obesity [5] . For example, if there is an adverse effect on obesity risk from "long sleep duration" in excess of physiological needs, this could be evidenced among adults who sleep as much as 10 or 12 hours per day. Young e Drank a can, bottle, or glass of soda or pop, not including diet soda or diet pop, at least one time per day during the 7 days before the survey. f Used a computer for something that was not school work or played video games for 3 or more hours per day on an average school day. g Were physically active doing any kind of physical activity that increase their heart rate and made them breathe hard some of the time for at least 60 minutes per day on all 7 days during the 7 days before the survey.
children, with much longer physiological sleep needs, might not show an adverse effect of "long sleep duration" until 18 hours of sleep per day, which very few children would be able to accrue [5] . Explanations for sex-related differences in the association between sleep duration and obesity may include sex-related differences in the physiology of puberty, particularly with respect to body composition, for example, the increasing adiposity typically seen among females and decreasing adiposity typically seen among males as they pass through puberty [33] . Sex-related differences in sleep physiology, the psychosocial correlates of obesity and physiologic pathways mediating the association between depression and BMI have been noted as well [20, 33] . Our study has several strengths. The data are from nationally representative samples of students in grades 9-12, a population which includes older adolescents for whom nationally representative data on sleep duration and obesity are relatively limited. In our analyses, we were able to control 8 Journal of Obesity for a variety of health behaviors found to be associated both with sleep duration and obesity, and which might therefore confound their relationship. Finally, by combining two large national datasets, we obtained increased statistical power enhancing our ability to characterize the association between sleep duration and obesity at the extremes of long and short sleep duration and among demographic subgroups.
Many of the limitations of our study, such as the lack of objective measures of sleep duration, are shared by other published studies examining the association between sleep duration and obesity [5, 8, 13] . We relied on a single selfreport for sleep duration on an average school night. Also, data were not available on other potentially important factors such as variation in sleep duration through the week, including weekends, actual bedtime, and wake times, and sleep quality, including the presence of snoring or breathing difficulties that might suggest undiagnosed obstructive sleep apnea. In addition, we used BMI based on self-reported height and weight to classify students with respect to obesity. A national study of adolescents found the correlation (r = .92) of BMI and the specificity (0.996) of obesity status (BMI ≥ 95th percentile) based on BMI calculated from selfreported versus measured height and weight was very high [36] . Although sensitivity (0.722) of obesity status based on self-report was not as high, using self-reported height and weight correctly classified 96% of teens with respect to obesity, and girls were no more likely than boys to be misclassified using self-reported height and weight [36] . Finally, our study is cross-sectional in design, and therefore direction of causality cannot be inferred. Sleep duration could affect weight gain, but obesity could also impact the duration of sleep. Indeed, the association between short and long sleep duration and obesity may not necessarily reflect a causal relationship, but could be a marker indicating that naturally short or long sleepers are at-risk populations for obesity, chronic disease, and mortality [37] .
Conclusion
The high prevalence of insufficient sleep among adolescents, with its deleterious effects on neurobehavioral function (i.e., mood, memory, attention, and cognition) and associated increases in motor vehicle accidents and impaired school performance, provides a strong rationale to promote greater duration and quality of sleep among teens [5, 38, 39] . However, with respect to obesity prevention, the current literature suggests that sex-related differences (such as found in our study) and other inconsistencies in the association between sleep duration and obesity among children, adolescents, and adults, coupled with the lack of clearly defined causal pathways, make it premature to recommend alteration of sleep patterns as an effective intervention to prevent the onset of obesity in the general population or enhance weight loss among the clinically obese [5] . There are currently no interventional or observational studies showing that weight loss can be achieved in the general community or particular subpopulations, through advice to change sleep duration. Still, the consistent negative linear association between sleep duration and obesity seen among younger children and the positive impact of adequate sleep generally have led some to suggest adequate sleep as an adjunct to other lifestyle measures in the prevention of childhood obesity [37] . In the absence of definitive evidence as to what constitutes "adequate" sleep for the purpose of promoting healthy weight, one approach is to provide the appropriate circumstances and environment for sleep and reduce external interference with sleep through the maintenance of bedtime routines and limiting television viewing and use of electronic devices near bedtimes and in bedrooms [37, 40] . While there may be little risk in taking such a pragmatic approach to the promotion of adequate sleep as an adjunct strategy in the fight against childhood obesity, it is clear that more needs to be known about the association between sleep and obesity. In addition to a better understanding of the mechanisms underlying the association, further research is needed to determine the characteristics of sleep patterns that may promote healthy weight and whether behavioral programs aimed at changing sleep duration as a means of weight control are safe and effective.
